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(54) High pressure mercury lamp 

(57) A high pressure mercury lamp in which forma- 
tion and spreading of milky opacification in the fused sil- 
ica glass forming the discharge vessel can be 
advantageously prevented, and thus a rapid decrease 
of screen illuminance prevented, when it is used as the 
light source of a liquid crystal projector and the like by, 
in a high pressure mercury lamp in which a discharge 
vessel of fused silica glass contains a pair of opposed 
tungsten electrodes, mercury in an amount that is at 
least equal to 0.16 mg/mm 3 , rare gas, and at least one 
halogen, and in which the wall load is at least equal to 
0.8 W/mm 2 , the amount of mercury added being fixed in 
a range from 2 x 1 0" 4 to 7 x 1 0" 3 mmole/mm 3 . and/or the 
at least one halogen being in the form of a carbonless 
halogen compound. 
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Descripti n 

Background of the invention 

Field of the Invention 5 

[0001] The invention relates to a high pressure mer- 
cury lamp. The invention relates especially to a super 
high pressure mercury lamp in which a discharge vessel 
is filled with at least 0.16 mg/mm 3 of mercury, in which 
the mercury vapor pressure during operation is at least 
equal to 1 10 atm, and which is used to back light a liquid 
crystal display device or the like. 

Description qf the Related Art 

[0002] In a liquid crystal display device of the projec- 
tion type, there is a need for illumination of images on a 
rectangular screen in a uniform manner and with ade- 
quate color reproduction. Therefore, as the light source, 
a metal halide lamp is used which is filled with mercury 
and metal halides. The metal halide lamps have 
recently been made even smaller so that more and 
more they represent point light sources. Metal halide 
lamps with an extremely small distance between the 
electrodes are used in practice. 

[0003] Proceeding from this background, instead of 
metal halide lamps, recently lamps have been sug- 
gested with an extremely high mercury vapor pressure 
which is. for example, at least equal to 200 bar (roughly 
197 atm). Here, by increasing the mercury vapor pres- 
sure, spreading of the arc is suppressed (concentrated), 
and furthermore, there is an effort to increase light 
intensity even more. These lamps are disclosed, for 
example, in Japanese patent disclosure document HE I 
2-148561 and corresponding U.S. Patent 5,109.181, 
and Japanese patent disclosure document HEI 6-52830 
and corresponding U.S. Patent No. 5,497,049. 
[0004] In U.S. Patent 5,1 09,181, a high pressure mer- 
cury lamp is disclosed in which a discharge vessel pro- 
vided with a pair of tungsten electrodes is filled with a 
rare gas, at least 0.2 mg/mm 3 of mercury, and a halo- 
gen in the range from 1 x 10' 6 to 1 x 10" 4 mmoleymm 3 . 
This lamp is operated with a wall load that is at feast 
equal to 1 W/mm 2 . The reason for odding an amount of 
mercury at least equal to 0.2 mg/mm 3 is to improve 
color reproduction by increasing the mercury pressure 
and the continuous spectrum in the area of visible radi- 
ation, especially in the red range. The reason for a wall 
load that is at least equal to 1 W/mm 2 is the need for a 
temperature increase in the coolest portion in order to 
increase the mercury pressure. The reason for adding 
the halogen is to prevent blackening of the envelope; 
this can be obtained from the patent. However, the rea- 
son for fixing the amount of the halogen in the range 
from 1 x 10' 6 to 1 x 10" 4 mmole/mm 3 is not described. 
Furthermore, it is also described that the halogen is 
added in the form of methylene bromide (CH 2 Br 2 ). 



[0005] On the other hand, U.S. Patent No. 5,497,049, 
it is described that, in addition to the above described 
amount of mercury, values of wall load, amount of halo- 
gen, the shape of the discharge vessel and the distance 
between the electrodes are fixed, and furthermore, bro- 
mine is used as the halogen. The reason for adding bro- 
mine is to prevent blackening of the envelope. When at 
least 10' 5 mmole/mm 3 of bromine is added, a sufficient 
effect is obtained. Furthermore, it is shown that the elec- 
trodes are etched when more than 1CT 4 mmole/mm 3 of 
bromine is added. Furthermore, it is described that this 
lamp is suitable for a projector light source and that the 
degree to which illuminance of the screen of a liquid 
crystal projection television is maintained is better than 
in a conventional lamp. 

[0006] However, based on the specifications disclosed 
in the above described prior art, a host of lamps was 
produced, installed in a liquid crystal projector and 
experiments were run with respect to the illuminance of 
the screen. As a result, it became apparent that, in real- 
ity. after operating the lamps for a few hundred hours, 
the illuminance of the screen was greatly reduced. 
[0007] This reduction in the radiant light intensity was 
a result of milky opacification of part of the discharge 
vessel. Furthermore, the milky opacification increases 
quicMy, once it has occurred in part of the discharge 
vessel. Formation and spreading of this milky opacifica- 
tion lead to blackening of the envelope, and further- 
more, deformation and wear of the tip of the electrodes 
also occur. It was found that, by synergistic effects, a 
reduction of illuminance of the screen is caused. 
[0008] In this case, the mechanism of formation of 
milky opacification in the discharge vessel and the 
spreading of resulting milky opacification is not entirely 
clear. As a result of the studies collected and checked 
by the inventors, however, the following is assumed. 
[0009] In a discharge in a mixed gas of mercury vapor 
with an extremely high pressure, the amount of the mer- 
cury added being at least equal to 0.16 mg/mm 3 , and 
the rare gas yields excimer light from mercury rare gas 
in a wavelength range between the rare gas excimer 
light and a mercury resonance line with a wavelength of 
185 nm. If Ar, Kr, and Xe are used as the rare gas, rare 
gas excimer light is formed at wavelengths of roughly 
126 nm, 146 nm and 172 nm, respectively. Since the 
mercury pressure is very high, the line width of the res- 
onance line of the mercury atoms with a 1 85 nm wave- 
length becomes larger. The light intensity of the 
wavelengths which are shorter than the resonance line 
is intensified to a relative degree. At the same time, mer- 
cury rare gas excimer light is formed between the rare 
gas excimer light and the 185 nm wavelength light. 
[0010] In this super high pressure mercury lamp, the 
excimer light is emitted extremely effectively by the rare 
gas (light with wavelengths of 126 nm, 146 nm, and 1 72 
nm) as is the light with the wavelengths which are 
shorter than the resonance line of the mercury atoms 
with a 185 nm wavelength, and the m rcury rar gas 
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excimer light (hereinafter, this light is called "UV radia- 
tion with sh rt wavelengths") in the band area of roughly 
126 nm to 185 nm. This UV radiation with short wave- 
lengths on the inside of the discharge vessel has 
extremely high irradiance because the wall load of the 
discharge vessel is high. 

[0011] On the other hand, there ts a tendency for the 
wavelength range in which absorption takes place by 
the fused silica glass wNch forms the discharge vessel 
to be shifted in the direction toward longer wavelengths 
when the temperature of the discharge vessel becomes 
high. In a high pressure mercury lamp with a high value 
of the wall load that is at least equal to 0.8 W/mm 2 , the 
fused silica glass has a very high temperature by which 
the emitted UV radiation with short wavelengths is 
absorbed by the fused silica glass. 
[0012] This means that, in a mercury lamp with an 
extremely high mercury vapor pressure and extremely 
high wall load, UV radiation with short wavelengths is 
emitted in an intensity which is not comparable to UV 
radiation with short wavelengths in a conventional mer- 
cury lamp, and this UV radiation with short wavelengths 
is in a state in which it is easily absorbed by the fused 
silica glass. 

[001 3] If the above described U V radiation with short 
wavelengths is absorbed by the fused silica glass, the 
bond of silicon (Si) to oxygen (O) which comprises the 
fused silica glass is destroyed, resulting in strain stress, 
and thus, a fundamental change of the surface compo- 
sition of the fused silica glass surface. Irradiation with 
UV radiation with short wavelengths causes vaporiza- 
tion of the Si or SiO comprising the fused silica glass, 
and the Si or SiO is adsorbed on the immediately adja- 
cent fused silica glass surface. In the case of a large 
amount of absorbed UV radiation with short wave- 
lengths, therefore, on the fused silica glass surface fine 
convex or concave points form, presumably causing the 
milky opacification. 

[0014] In this case, the amount of absorption of UV 
radiation with short wavelengths is relatively small in the 
state in which the fused silica glass surface is clean. 
However, there is a tendency for the amount of absorp- 
tion to become greater, the more impurities are present 
Therefore, it is desirable, during lamp operation, for con- 
trol to be effected such that the inner surface of the 
fused silica glass has no impurities. However, for this 
reason, it is necessary to avoid, as much as possible, 
mixing substances which cause impurities in the dis- 
charge vessel during the lamp production process. 
[0015] Here, carbon is a contaminating substance 
which can be especially difficult to handle because, in 
the lamp production environment, it exists in the form of 
different organic compounds. 

[0016] When, in one part of the fused silica glass, 
milky opacification forms, the heat is absorbed by multi- 
path reflection of the light which contains infrared radia- 
tion, resulting in the temperature of the milky opacified 
parts rising. As a result the light absorbed by the fused 



silica glass shifts in the direction toward longer wave- 
lengths, leading to ev n more acceleration of absorption 
of the UV radiation with short wavelengths by the fused 
silica glass. It can be imagined that, as a result, the for- 
5 mation of the fine convex or concave points is acceler- 
ated, and therefore, that the milky opacification quickly 
spreads. 

[001 7] Furthermore, Si or SiO vaporizes from the tube 
wall when the Si and O bond of the fused silica glass is 
10 destroyed by UV irradiation. The vaporized St or SiO is 
adsorbed by electrode tips and reduces the melting 
point of tungsten; this causes deformation and wear of 
the electrode tips and blackening of the envelope by 
tungsten. 

15 

Summary of the invention 

[0018] The primary object of the present invention is 
to devise a high pressure mercury lamp in which forma- 

20 tion and spreading of milky opacification in the fused sil- 
ica glass forming the discharge vessel can be 
advantageously prevented, and thus, a rapid decrease 
of screen illuminance is prevented when a high pres- 
sure mercury lamp is used as the light source of a liquid 

25 crystal projector and the like. 

[001 9] According to the invention, in a high pressure 
mercury lamp which has a discharge vessel of fused sil- 
ica glass containing a pair of opposed tungsten elec- 
trodes and which contains an amount of mercury that is 

30 at least equal to 0.16 mg/mm 3 rare gas, and at least 
one halogen, and in which the wall load is at least equal 
to 0.8 W/mm 2 , the noted object is achieved by fixing the 
amount of halogen added in the range of 2 x 10* 4 to 7 x 
10" 3 mmole/mm 3 . 

35 [0020] In accordance with another aspect of the inven- 
tion, in a high pressure mercury lamp in which a dis- 
charge vessel of fused silica glass contains a pair of 
opposed tungsten electrodes and an amount of mer- 
cury at least equal to 0.16 mg/mm 3 , rare gas, and at 

40 least one halogen in the form of a halogen compound, 
and in which the wall load is at least equal to 0.8 
W/mm 2 , the noted object is achieved by using a carbon- 
less halogen compound. 

[0021 ] According to further aspect of the invention, the 
45 noted object is achieved by the average OH radical con- 
centration being no more than 20 ppm, in an area at a 
depth of 0.2 mm from the inner surface of the discharge 
vessel, in conjunction with the above-noted aspects of 
the invention. 

so [0022] Attainment of the object is further facilitated by 
mercury halide being used as the halogen compound, 
particularly if it is deposited on a component or portion 
of a component of the lamp. 

[0023] Another factor that additionally contributes to 
55 attainment the object of the invention is for the amount 
of rare gas added to be at least equal to 5 kPa. 
[0024] To achieve the object, i.e. for advantageous 
prevention of the formation and spread of the milky 
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opacification of the tube wall of the discharge vessel, 
the following is proposed: 

1 . Reduction of the UV radiation with short wave- 
lengths which reaches the surface of the tube wall s 
(fused silica glass). 

2. Reduction of the impurities which often absorb 
UV radiation with short wavelengths, concretely, 
reduction of the carbon. 

3. Reformation of the fused silica glass in rtsetf so 10 
that it has sufficient resistance to U V radiation with 
short wavelengths, 

[0025] With regard to the first of the above-described 
manners by which the object of the invention is is 
achieved, i.e., by adding at least one halogen in a stipu- 
lated amount, specifically 2 x 10" 4 to 7 x 10~ 3 
mmole/mm 3 . by adding at least 2 x 10* 4 m mole/mm 3 
halogen, the UV radiation with short wavelengths is 
advantageously absorbed by the halogen(s) from a cor- 20 
responding halogen compound. Consequently, the 
amount of UV radiation with short wavelengths which 
reaches the surface of the tube wall (fused silica glass) 
of the discharge vessel is reduced. This means that for- 
mation and spreading of the milky opacification which 25 
occurs due to irradiation of the fused silica glass with 
UV radiation with short wavelengths and due to absorp- 
tion of the UV radiation with short wavelengths can be 
advantageously prevented. Furthermore, because the 
amount of halogen added is not unlimited, but is held to 30 
no more than 7 x 10' 3 m mole/mm 3 , deformation and 
wear of the electrodes which are caused by excess hal- 
ogens can be reduced to an amount in which there is no 
effect in practice. 

[0026] High pressure mercury lamps filled with at least 35 
one halogen in the above described quantitative range 
are known from many publications of the prior art (e.g., 
from Japanese patent disclosure document SHO 49- 
5421). In these conventional lamps, however, using the 
halogen cycle prevents so-called blackening caused by 40 
the tungsten which forms the electrodes being 
adsorbed on the inside of the discharge vessel (fused 
silica glass). On the other hand, with this invention, the 
halogen is added to the discharge vessel in order to 
absorb UV radiation with short wavelengths. Absorption 4$ 
of UV radiation with short wavelengths within the dis- 
charge vessel advantageously prevents UV radiation 
with short wavelengths from reaching the fused silica 
glass. 

[0027} As was described above, this UV radiation with so 
short wavelengths is formed by exctmer light from the 
mercury-rare gas in a wavelength range between the 
rare gas excimer light and a mercury resonance line of 
185 nm, upon discharge in the mixed gas of mercury 
vapor with an extremely high pressure and the rare gas. ss 
The discharge conditions of the mercury lamps 
described in the above-described documents of the 
prior art are used to advantageously absorb UV radia- 
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tion with short wavelengths which forms under com- 
pletely different conditions. Discharge conditions in the 
invention are specific: 

the amount of mercury added is at least equal to 

0.16 mg/mm 3 ; 

the wall load is greater than or equal to 0.8 W/mm 2 ; 
and 

rare gas is added. 

[0028] Advantageous absorption of UV radiation with 
short wavelengths which is formed under these specific 
conditions was not present at all in the prior art. 
[0029] In the second of the above-described manners 
of achieving the object of the invention, the discharge 
vessel is filled with at least one halogen in the form of a 
carbonless halogen compound. In a conventional mer- 
cury lamp, the discharge vessel is filled with a carbon- 
containing halogen, such as methylene bromide 
(CH 2 Br 2 ). The carbon content in the discharge vessel 
becomes greater. The UV radiation with short wave- 
lengths is absorbed by adsorption thereof on the fused 
silica glass during lamp operation. 
[0030] In the high pressure mercury lamp of the inven- 
tion, however, the halogen in the form of a halogen com- 
pound containing no carbon, lor example, in the form of 
mercury bromide and the like, is added to advanta- 
geously prevent absorption of the UV radiation with 
short wavelengths by carbon. Therefore, the absolute 
amount of carbon in the discharge vessel becomes 
less. The UV radiation with short wavelengths which is 
absorbed by the carbon adsorbed on the inside of the 
fused silica glass can therefore remain in a negligible 
range, even if a small amount of carbon is undesirably 
added to the discharge vessel in the lamp production 
process. Consequently, formation and spreading of 
milky opacification in the fused silica glass can be 
advantageously prevented. 

[0031 ] In the high pressure mercury lamp according to 
the invention in which the average OH radical concen- 
tration at a depth of 0.2 mm from the inner surface of the 
discharge vessel is less than or equal to 20 ppm, the fol- 
lowing 6tate of affairs applies. 

[0032] Milky opacification of the fused silica glass is 
caused by fine crystals growing due to rearrangement 
of the vitreous SiOg. Crystallization occurs more fre- 
quently, the higher the temperature. Furthermore, vitre- 
ous Si0 2 reacts sensitively to impurities on the surface 
and spreads in the direction toward the inside of the 
fused silica glass by formation of crystal nuclei on this 
surface. The speed of crystal growth, in this case, is 
controlled by glass viscosity and is influenced by the 
degree to which oxygen is absent, the OH concentra- 
tion, and the impurity content. This means that, for 
anhydrous fused silica glass containing less oxygen, the 
viscosity is higher than in anhydrous fused silica glass 
in which oxygen satisfies the stoichiometric ratio. Fur- 
thermore, the viscosity is afso higher in glass with a low 
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OH concentration. 

[0033] In any case, the rate of spreading of devitrifica- 
tion at the same temperature is reduced. When impuri- 
ties are added, the glass viscosity is reduced in most 
cases. With respect to aluminum, th glass viscosity is s 
higher, the higher the ratio of the aluminum to the coex- 
isting alkali, i.e. aluminum I (lithium + sodium + potas- 
sium). This means that the rate of crystal growth is 
reduced. 

[0034] The amount of absorption of UV radiation with 10 
short wavelengths by this fused silica glass region can 
be greatly reduced by the average OH radical concen- 
tration in an area with a stipulated depth from the inner 
surface of the fused silica glass of the discharge vessel 
being less than or equal to a stipulated value. Reducing is 
the OH concentration makes it possible to increase the 
fused silica glass viscosity. This makes it possible to 
limit the rate of inward spreading of milky opacification 
to a sufficient degree, even if milky opacification occurs 
on the imer surface of the fused silica glass. This 20 
means that resistance to UV radiation with short wave- 
lengths is improved by fixing the OH radical concentra- 
tion of the fused silica glass. 

[0035] In the above described technology, as the 
emission metal, mercury in an amount at least equal to 25 
0. 16 mg/mm 3 is added and the wall load is greater than 
or equal to 0.8 W/mm 2 . Under these conditions with 
extremely high pressure, UV radiation with short wave* 
lengths is produced with high intensity. Proceeding from 
these circumstances, the formation of milky opacifica- 30 
tion of the fused silica glass by the high intensity UV 
radiation with short wavelengths is prevented and its 
growth reduced. This means that the invention relates to 
a super high pressure mercury lamp with the above 
described discharge conditions. Therefore, in this case. 35 
it is not a matter of fixing the OH concentration through- 
out the fused silica glass of the discharge vessel, but 
rather fixing the OH concentration in a limited portion of 
the inner surface of the fused silica glass. To achieve the 
object of the invention, fixing the average OH radical 40 
concentration throughout the fused silica glass is not 
important. 

[0036] By both fixing the amount of halogen added as 
described above and also fixing the OH radical concen- 
tration as also described, the addition of a stipulated 45 
amount of halogen reduces the UV radiation with short 
wavelengths reaching the fused silica glass, while by 
fixing the OH radical concentration of the fused silica 
glass, the resistance of the fused silica glass is 
improved. so 
[0037] By adding the halogen as a compound which 
contains no carbon the absolute amount of carbon 
within the discharge vessel can be reduced and further- 
more efforts are made to improve the resistance of the 
fused silica glass by fixing the OH radical concentration, ss 
[0038] Because the amount of carbon added in the 
discharge vessel can be reduced, as a result, the 
amount of absorption of UV radiation with short wave- 



lengths by the fused silica glass can be greatly reduced, 
and thus, milky opacification of the fused silica glass 
can be advantageously prevented. 
[0039] The mercury ha I id e attracts very little moisture. 
Therefore, the content of water mixed in the discharge 
vessel can be reduced. Therefore, this results in the 
advantage that, when starting the discharge, there is no 
adverse effect on the electrodes. Furthermore, in the 
process of hermetic sealing, in the case of a discharge 
vessel without an exhaust tube, the heated lamp com- 
ponents are prevented from reacting with methylene 
bromide and the Si0 2 is prevented from being adsorbed 
on the electrodes and from exerting adverse effects on 
the starting power. As a result deformation and wear of 
electrodes can be reduced even more. 
[0040] By the mercury halide being deposited on a 
component or a portion of a component of the lamp and 
added to the discharge vessel jointly with this compo- 
nent, in this way, compared to conventional addition as 
a solid powder, a small discharge vessel can be filled 
with the halogen with higher precision. Specifically, this 
measure is extremely effective in the case where the 
inside volume of discharge vessel is no more than 1 50 
mm 3 . Electrodes are suitable as the lamp components 
for deposition. This is because the electrodes are com- 
ponents which are inserted into the discharge vessel, 
and thus, the deposits on them also project into the dis- 
charge space. However, the components are not limited 
to electrodes, and the halogen compound, for example, 
can also be added to the discharge vessel by deposition 
on the inside surface of the discharge vessel and the 
like. 

[0041] By the rare gas added having a pressure at 
least equal to 5 kPa and adding the mercury in an 
amount by which high pressure can be reached during 
operation, the light intensity can be increased even 
more, and at the same time, the continuous spectrum 
can be increased in the visible radiation range, espe- 
cially in the red range. To start the discharge, however, 
rare gas is needed. In the high pressure mercury lamp 
of the invention, the amount of mercury added is large. 
When the lamp is turned off there are, therefore, many 
cases in which the mercury collects on the base points 
of the electrodes. If the discharge is started in this state, 
no discharge is generated between the electrode tips. 
Discharge always occurs more frequently in such a way 
that the base points of the electrodes are radiance 
spots. If this abnormal discharge occurs, the tungsten 
vaporizes or sprays by sputtering, causing blackening of 
the inner surface of the discharge vessel. The lamp of 
the invention has an extremely high wall load; this corre- 
sponds to a small area of the tube wall. Blackening 
accordingly occurs vigorously. However, if the pressure 
of the rare gas is fixed at a value at least equal to 5 kPa, 
discharge occurs more often between the electrode 
tips, the discharge gap being shortest between the elec- 
trode tips. Thus, abnormal discharge no longer occurs, 
and the above described problem is thus eliminated. 
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[0042] According to the invention, the formation and 
spread of milky opacification of the fused silica glass by 
UV radiation with short wavelengths, which occurs by 
adding a large amount of mercury and rare gas are pre- 
vented. For example argon, xenon and krypton are used 
as the rare gas. To obtain the aforementioned advan- 
tage, the amount of rare gas added is preferably at least 
equal to 5 kPa. 

[0043] In the following, the invention is further 
described using several embodiments shown in the 
drawings. 

Brief Description of the Drawings 
[0044] 

Fig. 1 is a cross section of a high pressure mercury 

tamp according to the invention; 

Fig. 2 is a graph of the spectral distribution of the 

high pressure mercury lamp of the invention; 

Fig. 3 is a table of experimental results which show 

the action of the invention; and 

Fig. 4 is a graph of experimental results which show 

the action of the invention. 

D tailed Description of the Preferred Embodiment 

[0045] Fig. 1 shows a high pressure mercury lamp 1 
in accordance with the invention having a fused silica 
glass discharge vessel 2 in the center and narrow her- 
metically sealed portions 3 which adjoin opposite ends 
of discharge vessel 2. Within the interior of the dis- 
charge vessel 2, which is hereinafter called the "emis- 
sion space," there are a pair of electrodes 4 that are 
spaced about 1.2 mm from one another. The rear 
(outer) ends of the electrodes 4 are inserted into the 
hermetically sealed portions 3 and are each welded to a 
respective metal foil 5. An outer lead 6 is connected to 
the opposite end of each of the metal foils 5. 
[0046] The emission space is filled with mercury as 
the emission substance and a rare gas, such as argon, 
xenon and the like, as the operating starting gas. The 
rare gas is also an emission substance which emits 
mercury excimer light in steady-state operation. Here, 
the amount of mercury added is at least equal to 0.16 
mg/mm 3 , by which the vapor pressure during stable 
operation is at least equal to 1 10 atm. 
[0047] This high pressure mercury lamp, for example, 
has a maximum outside diameter of 10.5 mm, a maxi- 
mum inside diameter of 4.5 mm, an emission space 
length (the length in the axial direction of the lamp) of 
10.0 mm, an amount of mercury added of 17 mg, an 
inside volume of the emission space of 75 mm 3 , an 
inside surface of the emission space of 100 mm 2 , a wall 
load of 1 .5 W/mm 2 , and a rated power of 150 W. 
[0048] Fig. 2 schematically shows the spectral distri- 
bution of the above described example of the high pres- 
sure mercury lamp. As the drawings show, effective 



radiation takes place in the visfole range with wave- 
lengths of about 380 to 780 nm. Especially in the red 
range with wavelengths from about 600 to 780 nm, con- 
tinuous radiation takes place with high intensity which 
5 was greatly increased compared to a lamp with an 
added amount of mercury of no more than 0.05 
mg/mm 3 . 

[0049] In the following, an experiment is described 
with respect to screen illuminance, in the high pressure 

io mercury lamp of the invention, the amount of added hal- 
ogen having been changed. In the experiment, as illus- 
trated in Fig. 3, eight high pressure mercury lamps were 
used and only the amount of halogen (bromine) added 
was changed, the other conditions being essentially 

is identical to the values in the above described example. 
This means that the amount of mercury and the inside 
volume of the emission space are very slightly different 
in the respective lamps. These differences are, how- 
ever, only production defects, and any lamp in the visi- 

20 We range accomplishes advantageous continuous 
radiation. 

[0050] In this case, the halogen (bromine) was added 
as follows: 

[0051 ] The required amount of halogen (bromine) was 

ss vacuum evaporated in the form of mercury bromide onto 
the electrode surfaces on the skies of the secondary 
seal before installation. Furthermore, the amount added 
in reality was quantitatively determined using ion chro- 
matography by the column enrichment process. The 

so inside volume of the emission space was determined by 
immersion in a solvent with an index of refraction 
roughly equal to the index of refraction of the fused sil- 
ica glass, and the coordinates of the inner surface being 
read by a micrometer and a computation performed. 

35 [0052] Each discharge lamp was operated without 
interruption with a mode "2 hours and 45 minutes of 
operation and then 15 minutes off." By visually observ- 
ing the discharge vessel at certain time intervals, and by 
a projector optics system, the degree to which iflumi- 

40 nance is maintained was measured. 

[0053] Fig. 3 shows the result of visual observation of 
the discharge vessel after 100 hours and the degree to 
which illuminance is maintained after 2000 hours. This 
shows that when the amount of halogen added is does 

45 not exceed 1.2 x 10" 4 mmole/mm 3 . after 100 hours, in 
the upper portion of the discharge vessel blackening 
and devitrification could be seen and that after 2000 
hours, the degree to which illuminance is maintained 
was largely reduced to at most 50%. When 7.34 x 10* 3 

so mmole/mm 3 of halogen are added, after 100 hours, 
blackening to an extremely high degree was detected at 
the base points of the electrodes. 
[0054] It can also be taken from these results that, to 
prevent formation of blackening and devitrification in the 

55 discharge vessel, a certain amount of halogen should 
be added and that the lower limit of the amount of halo- 
gen added is advantageously specifically about 2.0 x 
1 0* 4 mmole/mm 3 . As the light source for a liquid crystal 
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projector, it is a good idea to maintain at least 50% of 
the irradiance for at least 2000 hours. In television use, 
there is a need for 10,000 hours. It becomes apparent 
that, to satisfy these conditions, the amount of halogen 
added must be greater than or equal to the above 
described value of the lower boundary. 
(0055] When the amount of halogen added becomes 
greater, no problems of blackening and devitrification of 
the discharge vessel and decrease of screen illumi- 
nance occur. However, in the vicinity of the base points 
of the electrodes, adsorption of tungsten occurs to an 
extremely high degree. This means that to prevent this 
adverse effect, it is preferred that the amount of halogen 
added is at most about 7.0 x 10' 3 mmole/mm 3 . 
[0056] In the following, an experiment is described in 
which formation and spreading of milky opacification of 
the fused silica glass are prevented by the OH radical 
concentration. 

[0057] In the experiment, five super high pressure 
mercury lamps were produced with the above described 
specif ication, the OH radical concentration in a portion 
which has a depth of 0.2 mm proceeding from the inside 
surface of the fused silica glass was changed to 200 
ppm, 100 pom, 50 ppm, 20 ppm and 10 ppm, and the 
amount of the halogen that was added was 1 x 10" 3 
mmole/mm 3 . In each discharge lamp, the time was 
measured for which milky opacification of the fused sil- 
ica glass exceeded 20% of the surface area of the entire 
inside of the emission space of the discharge vessel. 
Fig. 4 shows the result in which the y-axis plots the time 
for which the milky opacified portion of the fused silica 
glass has reached 20% of the surface area of the inside 
surface of the arc tube of the discharge vessel, while the 
x-axis plots the OH radical concentration. The figure 
shows that, at an OH radical concentration of at most 20 
ppm in a portion which has a depth of 0.2 mm from the 
inside surface of the fused silica glass, the time of 2000 
hours which is necessary for a liquid crystal projector is 
maintained. 

[0068] The high pressure mercury lamp of the inven- 
tion is not limited to DC and AC operating systems, and 
can be applied to any operating system. 

Action of the Invention 

[0059] As was described above, with the invention, in 
a high pressure mercury lamp in which in a discharge 
vessel of fused silica glass contains a pair of opposed 
tungsten electrodes, an amount of mercury which is at 
least equal to 016 mg/mm 3 , rare gas, and at least one 
halogen, and in which the wall load is greater than or 
equal to 0,8 W/mm 2 , the following actions are obtained: 

1 . By the feature that the amount of halogen added 
is in the range from 2 x 1 0' 4 to 7 x 1 0* 3 mmole/mm 3 , 
UV radiation with short wavelengths can be advan- 
tageously absorbed by this halogen or the halogen 
from a corresponding halogen compound. There- 



fore, the amount of UV radiation with short wave- 
lengths which reaches the surface of the tube wall 
(fused silica glass) of the discharge vessel by irradi- 
ation can be greatly reduced. 

5 2. By the feature that the halogen is added as a 

compound which contains no carbon, the amount of 
carbon added to the discharge vessel can be 
greatly reduced. In this way, it becomes possible to 
reduce the amount of UV radiation with short wave- 

10 lengths which is absorbed by the inside surface of 
the tube wall (fused silica glass) of the discharge 
vessel. 

3. The measure that the average OH radical con- 
centration in an area of the tube wall at a depth of 
is 0.2 mm from the inner surface of the discharge ves- 
sel is at most 20 ppm enables the viscosity of the 
fused silica glass to be increased. Consequently, 
the resistance of the fused silica glass to UV radia- 
tion with short wavelengths can be improved. 

20 

Claims 

1. High pressure mercury tamp having a discharge 
vessel of fused silica glass containing a pair of 

25 opposed tungsten electrodes, mercury in an 
amount at least equal to 0.16 mg/mm 3 , rare gas 
and at least one halogen, and in which a wall load 
is at least equal to 0.8 W/mm 2 ; wherein the amount 
of said at least one halogen in the discharge vessel 

30 is within the range of 2 x 10" 4 to 7 x 10* 3 
mmole/mm 3 . 

2. High pressure mercury lamp as claimed in claim 1 , 
wherein at least 5 kPa of rare gas is contained 

35 within the discharge vessel. 

3. High pressure mercury lamp having a discharge 
vessel of fused silica glass containing a pair of 
opposed tungsten electrodes, mercury in an 

40 amount at least equal to 0.16 mg/mm 3 , rare gas 
and at least one halogen, and in which a wall load 
is at least equal to 0.8 W/mm 2 ; wherein said at least 
one halogen is in the form of a carbonless halogen 
compound. 

45 

4. High pressure mercury lamp as claimed in claim 3, 
wherein said halogen compound is mercury haiide. 

5. High pressure mercury lamp as claimed in claim 4, 
so wherein the mercury haiide is in the farm of a layer 

deposited at least a portion of a component of the 
lamp. 

6. High pressure mercury lamp as claimed in claim 3, 
55 wherein at least 5 kPa of rare gas is contained 

within the discharge vessel. 

7. High pressure mercury lamp as claimed in daim 1 ; 
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wherein the average OH radical concentration in an 
area of a wall of the discharge vessel at a depth of 
0.2 mm from an inner surface the wall of the dis- 
charge vessel is at most 20 ppm. 

s 

8. High pressure mercury lamp as daimed in claim 7, 
wherein at least 5 kPa of rare gas is contained 
within the discharge vessel. 

9. High pressure mercury lamp as claimed in claim 3; w 
wherein the average OH radical concentration in an 
area of a wall of the discharge vessel at a depth of 
0.2 mm from an inner surface the wal) of the dis- 
charge vessel is at most 20 ppm. 

is 

10. High pressure mercury lamp as claimed in claim 9, 
wherein at least 5 kPa of rare gas is contained 
within the discharge vessel. 

20 
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